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ENVIRONMENTAL STUDY O F  MINIAIURE SLIP R I N G S  
I. INTRODUCTION 
This  i s  t h e  t e n t h  q u a r t e r l y  p rogres s  r e p o r t  on I I I X I  
P r o j e c t  E6000, "Environmental Study of  Min ia tu re  S l i p  Rings. 'I 
This r e p o r t  covers t h e  a c t i v i t i e s  du r ing  the pe r iod  1 October 
1965 t o  1 Janua ry  1966 and is the second q u a r t e r l y  r e p o r t  o n  
the twelve  month con t inua t ion  au tho r i zed  by Modi f i ca t ion  N o ,  6 
of C o n t r a c t  NAS8-5251, The o b j e c t i v e s  of the new e f f o r t  are 
t o  e v a l u a t e  s l i p  r i n g  m a t e r i a l s  and  des ign  t echn iques  s u i t a b l e  
fo r  o p e r a t i o n  i n  h igh  vacuum, 
During t h e  p e r i o d  r epor t ed  h e r e i n ,  the fo l lowing  ac t i -  
v i t i e s  w e r e  
A, 
B. 




perf orme d: 
Run-in tes ts  i n  h igh  vacuum w e r e  cont inued.  
I n v e s t i g a t i o n s  of d i f f e r e n t  b rush  d e s i g n s  
have been s t a r t e d .  
Mass spec t rog raph ic  ana lyses  of  o f f -gas s ing  
p roduc t s  from component mater ia ls  u s e d  i n  
exper imenta l  capsu le s  have been completed, 
Study of f r i c t i o n ,  wear? and l u b r i c a t i o n  o f  
d i f f e r e n t  m a t e r i a l s  i n  h i g h  vacuum h a s  been 
i n i t i a t e d  
Performance of t w o  t y p e s  o f  hard g o l d  
o v e r l a y s  w a s  s t u d i e d -  
E l e c t r o p l a t i n g  s t u d i e s  have been cont inued ,  
I I T  R E S E A R C H  I N S T I T U T E  
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I1 . REPORTING PERIOD ACTIVI TY 
A. H i q h  Vacuum Run-in Tests 
The first r u n - i n  of a brush-ring assembly using mater- 
i a1 .c: w i t h  Good off-qassing properties w a s  carr ied out i n  hiqh 
vacuum f o r  250 hours of continuous rotat ion.  The analysis  of 
wear debris collected dur ing  this r ~ n - i n  w a s  pzrfsrmed usinc; 
the e m i s s i o n  spectrograph technique. I'he analysis  showed tha t  
hydrocarbons typical  of diffusion pump o i l  w e r e  present i n  the 
debris.  I t  became apparent t h a t  some backstreaming of o i l  had 
taken place during the t e s t .  This was traced t o  improper 
operation of the cold t rap.  Corrective measures were taken and 
subsequently, two run- in  t e s t s  were completed. Each t e s t  was 
run continuously a t  200 rpm for  approximately 280 hours i n  a 
vacuum of 1 t o  2 x l G 7 t o r r .  'Two af the four brush-ring c i r c u i t s  
were r u n - i n  with a current  of 25 ma w h i l e  the remaining two 
w e r e  open circui ted throughout the test  except for  periodic 
readings. After only a f e w  hours of t e s t ing ,  the noise reached 
a l eve l  of one mi l l i vo l t  and a f t e r  approximately 60 hours, the: 
noise increased t o  one vol t .  The f i n a l  readings were be tween  
1.5 to 2.0 volts .  The w e a r  debris has been col lected and i s  
being analyzed by the emission spectrograph t o  determine if 
mater ia ls  other  than gold are present. 
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B. N e w  Brush Des ians  
Study of d i f f e r e n t  b rush  d e s i g n s  has been started. 
A tes t  w a s  conducted i n  a n i t rogen  atmosphere w i t h  a capsu le  
us ing  a new d e s i g n  i n  w h i c h  two b rushes  w e r e  cemented t o  the 
b r u s h  block t o  i n c r e a s e  brush  s t i f f n e s s ,  The remaining t w o  
b r u s h e s  w e r e  n o t  modif ied so a s  t o  enable a d i rec t  comparison 
of n o i s e  performance of the two des igns .  A f t e r  ove r  400 hours  
of run- in ,  no s i g n i f i c a n t  d i f f e r e n c e  i n  n o i s e  performance w a s  
ev iden t .  V i sua l  examination a f te r  the completion of the test 
showed about  t h e  same amount of debris  p r e s e n t  on a l l  brush- 
r i n g  s u r f a c e s .  
A new b r u s h  des ign  conceived by a s l i p  r i n g  manufacturer  
T h i s  des ign  u s e s  a b rush  w i r e  t r u n c a t e d  a long  w i l l  be eva lua ted .  
the axis w i t h  the r e s u l t i n g  cord of the w i r e  s i t t i n g  i n  the 
groove. 
The N y e - O r o  7 m i l  b r u s h  wire  used i n  a l l  p rev ious  tests i s  now 
b e i n g  modif ied t o  g i v e  the t r u n c a t e d  shape and w i l l  be tested 
i n  capsu le s .  
C. Mass SRectroaraRhic Ana lvs i s  of Off-Gassina P roduc t s  
S u p e r i o r  n o i s e  performance i s  claimed f o r  t h i s  design., 
The a n a l y s i s  of off-gas p roduc t s  f r o m  three d i f f e r e n t  
electrical  component m a t e r i a l s  used i n  exper imenta l  c a p s u l e s  
(Mycalex used i n  b r u s h  blocks, and t e f l o n  used i n  lead w i r e  
i n s u l a t i o n  and i n  r i n g  s leeves)  w a s  performed a t  room temper- 
a t u r e  us ing  the mass spec t rograph  technique .  As a r e s u l t  of  
the expe r i ence  obtained from performing the a n a l y s i s  a t  elevated 
I l l  R E S E A R C H  I N S T I T U T E  
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temperatures, the previously used  technique was modified, A 
special  sample col lect ion vessel was constructed t o  a l l o w  
cold-trapping.of gases from samples i n  a vacuum of t o r r  
over prolonged periods of t i m e .  Liquid nitrogen was used and 
cold-trapping was allowed t o  proceed f o r  seven hours. The 
r e s u l t s  showed tha t  no detectable quant i ty  of off-gassing 
mater ia ls  was obtained for  e i the r  sample i n  the mass range of 
m / e  from 1 2  t o  260. This indicates  t h a t  organic component 
mater ia ls  w i t h  good off-gassing propert ies  have been selected 
for  the experimental capsules. 
D. Lubrication S t u d i e s  
Apparatus has been designed t o  study f r i c t i o n ,  wear, 
e l e c t r i c a l  noise, and lubricat ion of d i f fe ren t  mater ia ls  i n  
high vacuum. The fabricat ion of t h i s  apparatus i s  scheduled 
t o  be completed by the end of January, 1966. The apparatus 
consis ts  of a grooved shaf t  rotated i n  a vacuum chamber by a 
magnetic drive coiipling, A weighed piece of 7 m i l  brush wire 
w i l l  be placed i n  the groove and attached t o  a microforce 
transducer. The brush  wire w i l l  be adjusted t o  give a t o t a l  
weight of 2-1/2 grams, which i s  the load used i n  experimental 
capsules. The lubricant  w i l l  be deposited on t o  the shaf t  by 
evaporation w h i l e  the shaf t  i s  rotat ing t o  give a u n i f o r m  
deposition. Shielding w i l l  be provided t o  stop the lubricant  
from contaminating the  system, The l a t e r a l  force on t h e  
brush w i r e  w i l l  be measured w i t h  the microforce transducer. 
I I T  R E S E A R C H  I N S T I T U T E  
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I 
Knowing t h i s  force and the weight of the wire, the coeff ic ient  
of f r i c t i o n  can be calculated,  E lec t r ica l  noise w i l l  be meas- 
ured during the experiments. 
The lubricant  materials t h a t  have been chosen for  
t e s t ing  are  so f t  metals. Using Rabinowicz's Concept of surface 
energy a5 a guide, the f s l l o w i n g  hypothesis is developed. A 
low r a t i o  of the cohesion force  of a lubricant  f i l m  t o  the 
adhesion force between the lubricant  and the bearing surface 
tends t o  minimize f r i c t i o n  between the bearing surfaces. 
De si red parameters: 
1. High adhesion t o  s l i p  r ing by f i l m .  
2. High adhesion t o  rider wire by film. 
3 .  Low film cohesion. 
4. (1) and (2) imply good wet tabi l i ty  by f i l m  
and also tha t  wetting does not go t o  
completion and then s t a r t  t o  "not" wet by 
alloying, intergranular penetration, e tc .  
5. Table 1 l i s t s  fur ther  desirable  propert ies .  
6. Table 2 l i s t s  some relevant constants f o r  
various metals from which candidates could 
be chosen. 





DESIRABLE PROPER,TTES O F  SYSTEM 
I1 I11 
/ SLIP RING RIDER 
1, Soft-weak i n  shear Hard Hard 
2. Forms fi lm'easily Takes high f i n i s h  Takes high f i n s i h  
3. Atomic l a t t i c e  d i f -  ( I f  possible I1 & 111 
ferent  f r o m  I1 6r I11 d i f f e r  from one another) 
4. Low surface t e n s i o n  M u s t  w e t  Possibly not w e t  
o r  
(Lubricant forms d i f fe ren t  a l loys  on I1 
& I11 so t h a t  work of adhesion between 
I1 & 111 1s minimized) 
5. Low modulus of High modulus 
e l a s t i c i t y  
High modulus 
6. Low melting p o i n t  Relatively high Rel ia t ively high 
fo r  both f i l m  appli- melting point melting point 
cation and f i l m  shear 
7.  Low vapor preseure 
if one ehot application 
8.  High vapor pressure i f  
rupplied by cont inuous 
o r  specified t i m e  appli-  
cation 
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There a re  several  c ndidate metals which could be used ,  
For example, ind ium s a t i s f i e s  various requirements i n  the hy- 
pothesis. I t  has an FC l a t t i c e  while gold has an FCC, i t s  
atomic volurrte IS n e a r l y  2-1/2 times t h a t  of gold, thus e f fec t ive ly  
preventing alloying, and i t s  melting point i s  over 900°C less 
than t h a t  of gold. Other candidate mater ia ls  are rhodiurrt, 
ciir urni UIU , and go1 d I 
Inorganic compounds such a s  MoS2 and MoSi29 among 
o thers ,  w i l l  also be investigated. These compoundsy of course? 
cannot be sublimed and deposited on the s l i p  r ing due t o  chem- 
i c a l  breakdown. However, a f l a s h  technique can be used t o  
deposit these compounds. 
I f  t i m e  permits, additional consideration might be 
given t o  o i l s ,  such a s  P - 3 8 ,  diffusion pump o i l s ,  and others  
if some evaporative lubricat ion can be tolerated.  
A preliminary investigation of the stress i n  the 
brush and the contact between the brush and the s l ip-r ing has 
been i n i t i a t e d ,  The maximum bending s t r e s s  i n  the 7 m i l  w i r e  
brush with 2 - 5  g preload and 90° groove i s  approximately 
20,000 p s i ,  The maximum contact stress i s  on the order  of 
60,000 p s i ,  The maximum bending stress w i l l  be investigated 
fu r the r ,  pa r t i cu la r ly  considering the fat igue l i m i t  of gold 
alloys.  
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E. Hard Gold Overhav S t u d i e s  
Two sets of  duplex gold p l a t e d  s l i p  r i n g s  w e r e  p re -  
pared f o r  use i n  noise s t u d i e s ,  The Orotemp 24 gold  p l a t e d  
brass r i r ;gs  w e r e  overlaid with 100 microinches of hard gold 
d e p o s i t s  by a second e l e c t r o p l a t i n g  s t ep .  Two d i f f e r e n t  hard 
gold  b a t h  formula t ions  w e r e  employed, A summary of t h e  p l a t i n g  
TABLE 3 
SUMMARY O F  PLATING CONDITIONS USED I N  
PREPARING DUPLEX GOLD-PLATED SLIP RINGS 
TYPE OF CURREN r 
GOLD BATH DEPOSIT DENS1 IY TEMP D DH 
~amps/ft2) ("C) 
Orotemp 24* 24k, s o f t  5 50-55' 5.5-6.0 
Orotherm HT* 24k, ha rd ,  5 31 " 4.3 
a c i d  b r i g h t  
go ld  
Autronex NI** ha rd ,  a c i d  5 31 3 ,8  
go1 d 
* Technic ,  I n c ,  p r o p r i e t a r y  formula t ion  
** Sel-Rex Corporat ion p r o p r i e t a r y  formula t ion  
I I T  R E S E A R C H  I N S T I T U T E  
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Two r ings of each of the Orotherm and Autronex de- 
pos i t s  were prepared. The rings were r u n - i n  i n  a nitrogen 
atmosphere f o r  290 t o  330 hours of continuous rotat ion a t  
290 rpm. A d-c current  of 2 5  ma w a s  applied to each brilsh-ring 
pa i r  f o r  approximately half  of the time and the direct ion of 
ro ta t ion  w a s  per iodical ly  reversed. I n  a l l  four cases,  the 
n o i s e  ievei reiiiairied i r i  ihe 188 io 150 iiiicrovolt ~ ~ i i g ~  e i i ~ p t  
for  short  periods following the reversals  of the direct ion of 
rotat ion.  After the completion of the t e s t s ?  the r ings and 
brushes were examined macrographically up t o  the 30x power. 
The grooves of a l l  r ings were remarkably f ree  of a l l  wear 
pat terns  although there  was a quantity of f lu f fy ,  black debris  
i n  the bottom of the grooves and on the brush wires. There 
appeared t o  be considerably more debris  on both r ings overlaid 
with Autronex type of deposits. A qua l i t a t ive  spectrographic 
analysis  was performed with the col lected debris.  The char- 
a c t e r i s t i c  emission lines were negatlve with respect t o  gold, 
platinum, s i l v e r  and copper. One each of the two types of 
r ings was cross- sectioned for metallurgical examination. 
Photomicrographs of such  a cross-section is shown i n  Figure 1, 
The l i g h t  colored coating o n  the outside of the r ing surface 
i s  nickel t ha t  was electroplated a f t e r  the t e s t  t o  hold the 
corners during grinding and polishing. N o  s ignif icant  wear 
was found i n  e i t he r  type of overlay which agrees with the 
finding tha t  the debris  contained no gold, I n  order t o  









determine the or ig in  of the debris, an attempt w i l l  be made 
t o  perform a qua l i ta t ive  analysis of i t s  organic consti tuents.  
Further invest igat ions of hard gold overlays w i l l  be carr ied 
o u t  i n  high vacuum. 
F. Elec t roda t inu  Studies 
An electroplat ing f a c i l i t y  was assembled f o r  conduc- 
t; e m-1 A -1 - t ; - r r  m--;m-.. ,Cr, yuru PAaLAliy e~pcAAutcliLa in the ~ ~ S S S E C S  of i i l t i a s o n i e  
energy. A 75-watt Sonogen Z ul t rasonic  u n i t  operating a t  a 
frequency of 25 kc was u s e d  t o  ag i t a t e  an Orotemp 24 gold 
bath operating a t  a current density of 25 ampere per square 
inch. After four hours of operation, t w o  types of p l a t e  
roughness w e r e  exhibited: a f i ne ,  pebbled, uniform type of 
surface,  and a gross type of s w i r l e d  trenching about the 
bottom areas. I n  the f i n e  pebbled a reass  the smoothness was 
better than i n  corresponding specimens plated without u l t r a -  
sonic agi ta t ion.  The swirled pat tern i s  unacceptable, but 
some of the roughness could  be eliminated by the proper com- 
bination of specimen location 
The concept of using 
gold electroplat ing baths for 
deposi ts  i s  basical ly  sound. 
and rotat ion.  
precious metal addition agents i n  
the purpose of obtaining harder 
Although experimental work t o  date 
on t h i s  approach t o  e lectroplat ing more wear-resistant gold has 
shown negative r e s u l t s ,  it is  recommended tha t  the work be 
continued t o  higher addition agent l eve l s  than h i the r to  i n v i s t i -  
gated. The m a x i m u m  l eve l  of addition agents i n  past  work was 
1%; leve l s  of 10% o r  higher should be investigated.  
I I T  R E S E A R C H  I N S T I T U T E  
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111. SUMMaRY 
The r e s u l t s  of t h e  a c t i v i t i e s  performed d u r i n g  t h e  
r e p o r t e d  pe r iod  can be summarized a s  follows: 
A. 





Run-in tes ts  of b rush - r ing  assemblies  i n  
h igh  vacuum showed t h a t  unacceptable  no i se  
l e v e l s  w e r e  developed i n  a very short t i m e .  
New brush-rifig d e s i g ~ s  a r e  Seir?g evaluater?. 
Mass spec t rographic  ana lyses  of o f f  -gassing 
products  from three d i f f e r e n t  o rgan ic  
components used i n  experimental  capsu le s  
i n d i c a t e d  t h a t  the selected m a t e r i a l s  had 
very  good of  f -gassing p r o p e r t i e s .  
Apparatus has b e e n  designed and i s  being 
f a b r i c a t e d  f o r  the s tudy of f r i c t i o n ,  wear,  
electrical  no i se ,  and l u b r i c a t i o n  of d i f f e r -  
e n t  materials i n  h igh  vacuum. Seve ra l  
promising candida te  l u b r i c a n t s  have been 
selected. 
Run-in tes ts  of two t y p e s  of hard gold  . 
over l ays  i n  n i t rogen  atmosphere produced 
type of debris which was n o t  encountered 
i n  prev ious  t e s t s .  Q u a l i t a t i v e  a n a l y s i s  
this debris i s  being conducted. 
a 
of 
S t u d i e s  of effects of e l e c t r o p l a t i n g  w e r e  
carried o u t  i n  presence o f  u l t r a s o n i c  
energy. N o  d e f i n i t e  improvement i n  p l a t i n g  
q u a l i t y  was obtained. 
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IV. FUTURE ACTIV1,ITES 
During the n e x t  q u a r t e r l y  r e p o r t  pe r iod  of t h i s  pro- 






Run-in tests of new brush- r ing  des igns  
w i l l  be cont inued i n  h igh  vaccum. 
S p e c t r a l  a n a l y s i s  of  wear d e b r i s  w i l l  be 
completed e 
Lubr i ca t ion  s t u d i e s  w i l l  be s t a r t e d  i n  
h igh  vacuum. 
H a r d  go ld  over lay  s t u d l e s  w i l l  be completed. 
E l e c t r o p l a t i n g  s t u d i e s  w i l l  be cont inued.  
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